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Abstract  
Reverberation time is a major factor which affects the auditory environment in the classroom. Solution and shape of 
the classroom can be determined by simulation software, which meets the legislation of reverberation time. 
Simulation can be made by SABINE, NOR-ER and MIL-SE reverberation calculation formula under different 
conditions. With the condition of empty, 2/3 and full occupation of a medium classroom, reverberation time was 
calculated by these three formulas. Results of calculation were compared with former experimental data. Difference 
and applicability of reverberation formulas are analyzed.  The auditory environment of classroom can be improved 
by such results at the design solution stage. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
 
Keywords : reverberation time; classroom; simulation; Sabine 
1.Introduction  
Auditory environment is very important to the teacher and students. The main factors which affect the 
auditory environment in the classroom comprise background noise and reverberation time etc. The most 
important of those factors is reverberation time [1]. There are some codes for the reverberation time in 
the classroom in China [2].The reverberation time of 500Hz in ordinary classroom (volume is 
about200m3) is 900ms. Solution and shape of the classroom can be determined by simulation software, 
which meets the legislation of reverberation time [3]. Most popular simulation software is based on 
SABINE NOR-ER and MIL-SE reverberation time calculation formulas. Those three soft wares have 
their own characteristics. Which is the most suitable one for the auditory environment in the classroom? 
Few attentions were paid to the numbers of students that affect the reverberation time in the classroom, 
which is also discussed in this paper. The reverberation time of a amphitheatre (volume is about 700m3) 
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for 150 students with aluminium alloy micro perforated-panel acoustic absorber is measured in reference 
literature [4].The result is illustrated in Fig1, which shows that numbers of student have an great 
influence on the reverberation time. 
With the condition of empty, 2/3 and full occupation of a medium classroom, reverberation time was 
calculated by these three formulas in this paper. Results of calculation were compared with former 
experimental data. Difference and applicability of reverberation formulas are analyzed. 
TABLE.1REVERBERATION TIME UNDER DIFFERENT OCCUPATION 
Frequency
Hz  125 500 1k 2k 
Rever- 
beration 
time 
empty 1.41 0.99 0.86 0.96 
2/3 1.24 0.80 0.72 0.76 
4/5 1.20 0.76 0.68 0.71 
Full 1.16 0.73 0.64 0.66 
2.Calculation Formulas OF Reverberation Time 
The formulas of SABINE NOR-ER and MIL-SE are discussed as follows  
2.1.SABINE  
This calculation formula of reverberation time is expressed as follows  
            
aS
VRT 161.060                           (1) 
Where, V is the volume of the room m3 S is the surface areas of the room m2 , is the average 
sound absorption coefficient of the room.
2.2.NOR-ER 
NOR-ER calculation formula of reverberation time is expressed as follows  
        
-1ln
161.060 S
VRT            (2) 
Where V S and  have the same meaning of SABINE formulas. NOR-ER formula is suitable for 
the room which internal surface has approximate sound absorption. And the decay of reflected sound 
pressure is considered to be intermittence. 
2.3.MIL-SE 
When the sound absorption coefficient is varied greatly in the internal surface of the room, MIL-SE is 
the most suitable formula for the calculation of the reverberation time which is shown in formula (3) 
    60 0.161 ln 1-
VRT
Si i
          (3) 
Where Si  is the surface area of internal material of the classroom m2 , i  is the sound 
absorption coefficient of this material, ln 1- i  is the effective  sound absorption coefficient. 
 Yang Daheng and Li Qi /  Physics Procedia  33 ( 2012 )  1677 – 1682 1679
 
3.Simulation And Validation 
The object of simulation is a medium classroom, which indoor decoration is shown in TABLE.2. 
TABLE.2      INDOOR DECORATION OF THE CLASSROOM 
Indoor 
Decoration 
Ground surface ceramic tile 
Wall 
surface 
Reinforced concrete 
White latex paint 
ceiling reinforced concrete White latex paint 
stair Wooden and plastic stair 
door Wooden door 
window double glazed plastic-steel window 
According to the boundary conditions and the basic setting of this classroom; the simulation was made 
by the dimension of this classroom which is shown in Figure1. 

Figure1. General Layout of the classroom for simulation 
The sound absorption coefficient of indoor decorations varies very small according to the reference 
[5].The major material of indoor decoration is reinforced concrete with white latex paint, which sound 
absorption coefficient is shown in Figure2. 
 
Figure2. Sound absorption coefficient of reinforced concrete with white latex paint 
Reverberation time of empty classroom is calculation based on those former formulas, which is shown 
Figure3. 
The value of reverberation time calculated by SABINE was high at 500Hz, which is 1660ms. The 
value of reverberation time is 670ms at 500Hz by NOR-ER, which even less than the value stipulated in 
the reference [2].The reverberation time calculated by MIL-SE is 1520ms between two former values. 
According to the approximate absorption coefficient of decorative materials listed in Tab.1and reference 
[5], the value of reverberation time calculated by SABINE adapted to the real situation of the classroom. 
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The orders of magnitude of sound absorption of 2/3 and full occupation were shown in TABLE3.The 
reverberation time calculated by those above formulas was illustrated in Fig.4 and Figure.5.The influence 
of the quantities of students is small in calculation of NOR-ER and MIL-SE, which is determined by the 
applicability conditions of those formulas. The applicability condition of SABINE is relatively small 
difference of sound absorption coefficient.  
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Figure3. Reverberation time under empty occupation condition 
When the numbers of student was increased, the difference of sound absorption was also increased. 
SABINE formulas were not adapted to such situation and error was also increased. The difference of sound 
absorption was already considered by MIL-SE, the results of reverberation time changed small in empty, 
2/3 and full occupation situation. When the quantities of student changed small, such influence could be 
neglected. 
2/3 occupation situation was close to the real situation, the acoustic improvement design scheme was 
made according to the reference [3]. The reverberation time was calculated by MIL-SE, which was 
illustrated in Fig.6. The reverberation time calculated by MIL-SE was closed to the practical values listed 
in reference [3], which all closed to the legislation of reverberation time. 
 
TABLE3 ABSORPTION OF THE FULL AND 2/3 OCCUPATION OF THE CLASSROOM 
Frequency Hz  125 250 500 1K 2K 4K 
Full occupation sound 
absorption  
m2  
24.8
0 
37.2
0 
86.8
0 
106.9
5 
125.5
5 
120.9
0 
2/3 occupation 
Sound  
absorption 
m2  
16.5
3 
24.8
0 
57.8
7 71.30 83.70 80.60 
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Figure3.Reverberation time under empty occupation condition 
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Figure4.Reverberation time under 2/3 occupation condition 
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Figure5 Reverberation time under full occupation condition 
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Figure6. Comparison of calculation results by NOR-ER and MIL-SE with experimental data after auditory improvement 
4.Conclusion 
Every reverberation calculation formulas have their own application domains, which is very important 
for the acoustic improvement design scheme in classroom at the design solution stage. SABINE formulas 
are adapted to calculate the reverberation time of empty classroom.MIL-SE is adapted to calculate the 
reverberation time of 2/3 or full occupation of the classroom. Appropriate acoustic material can be used to 
control the reverberation time.MIL-SE formulas can be used to calculate every design scheme, which 
simulation results are closed to real measurement value. The auditory environment of classroom can be 
improved by such results in the design solution stage. 
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